BACKGROUND: We previously reported that continuous perineural femoral analgesia reduces pain with movement during the first 2 days after anterior cruciate ligament reconstruction (ACLR, n ϭ 270), when compared with multimodal analgesia and placebo perineural femoral infusion. We now report the prospectively collected general health and knee function outcomes in the 7 days to 12 wk after surgery in these same patients. METHODS: At three points during 12 wk after ACLR surgery, patients completed the SF-36 General Health Survey, and the Knee Outcome Survey (KOS). Generalized Estimating Equations were implemented to evaluate the association between patient-reported survey outcomes and (1) preoperative baseline survey scores, (2) time after surgery, and (3) three nerve block treatment groups. RESULTS: Two hundred seventeen patients' data were complete for analysis. In univariate and multiple regression Generalized Estimating Equations models, nerve block treatment group was not associated with SF-36 and KOS scores after surgery (all with P Ն 0.05). The models showed that the physical component summary of the SF-36 (P Ͻ 0.0001) and the KOS total score (P Ͻ 0.0001) increased (improved) over time after surgery and were also influenced by baseline scores. CONCLUSIONS: After spinal anesthesia and multimodal analgesia for ACLR, the nerve block treatment group did not predict SF-36 or knee function outcomes from 7 days to 12 wk after surgery. Further research is needed to determine whether these conclusions also apply to a nonstandardized anesthetic, or one that includes general anesthesia and/or high-dose opioid analgesia.
Pat ient outcomes after anterior cruciate ligament reconstruction (ACLR) have not been well described in the first few days and weeks after surgery. Continuous femoral perineural analgesia helps sustain knee analgesia during these few days 1 when included with spinal anesthesia and multimodal analgesia. However, general health and physical function outcomes up to 12 wk after ACLR with this (or any) anestheticanalgesic technique have not been reported. After total knee replacement, 2,3 patients demonstrated better physical function up to 6 wk after surgery when continuous femoral perineural analgesia was used. Therefore, we evaluated patient outcomes between 7 days and 12 wk after ACLR, to test the hypothesis that continuous perineural femoral analgesia (versus its absence) leads to the specific aims of improved physical function and general health status, as has been demonstrated after total knee replacement.
METHODS

Institutional Approval, Patient Consent, Eligibility, and Treatment Group Randomization
After achieving approval by the institutional review board of the University of Pittsburgh Medical Center and obtaining informed consent, ACLR patients underwent a standardized multimodal anesthesia and analgesia regimen (previously described) that included an ipsilateral hyperbaric spinal with bupivacaine. 1 These patients consented for all described study procedures and evaluations both before surgery (e.g., baseline data collection), during the day of surgery (e.g., nerve block treatment group assignment), and in the 12 wk of follow-up after surgery (patient-reported outcome surveys described below).
Patients were eligible for participation if they were 14 -65 yr of age and had an ASA physical status (ASA/PS) of I-II. The patients included in this 7-day to 12-wk outcomes analysis (after surgery) underwent outpatient ACLR with a single-bundle allograft, single-bundle patellar tendon autograft or a singlebundle hamstring autograft. Two hundred seventy patients were recruited, and exclusions after enrollment were not replaced. Patients were excluded from study enrollment based on variables previously defined in our earlier publication. 1 Patients were randomized to one of the following femoral nerve block catheter treatment groups after surgery was performed: (1) saline bolus (30 mL) plus saline infusion (270 mL at 5 mL/h, Group SbSi); (2) levobupivacaine (0.25%) bolus with saline infusion (Group LbSi), or (3) levobupivacaine (0.25%) bolus plus levobupivacaine (0.25%) infusion (Group LbLi). These details, along with the detailed descriptions of the perioperative multimodal analgesic and antiemetic care protocol, are listed in a previous article. 1 
Study Instruments
The SF-36 4,5 is generally accepted as a "gold standard" of assessing general health status. The SF-36 has been used frequently to assess patients with anterior cruciate ligament-deficient knees, 6 -8 and coadministration of the SF-36 with other knee function surveys has been recommended. 9 The domains that the SF-36 measures are as follows: physical function, role physical, bodily pain, general health, vitality, social function, role emotional, and mental health. Through a standardized norm-scoring process, these eight dimensions are weighted and transformed into two summary scores: the physical component summary (PCS) and the mental component summary (MCS).
The KOS-ADLS 10 was developed and validated to evaluate patient-reported knee function. The two primary dimensions comprising the total score are symptoms (six separate items, including pain and weakness as two items), and functional limitations (eight separate items, including pain during kneeling). All items in these two dimensions are graded by respondents on a 6-point Likert scale ranging from "Activity is not difficult" to "I am unable to perform the activity." A separate threeitem section is included for patients to grade their global knee function assessment in three ways: an analog functional score between 0 and 100 and two items featuring four-choice Likert scale responses ranging from "severely abnormal" to "normal." 10 
Data Collection Procedures
During the preoperative interview and after informed consent for the study was obtained, baseline survey data (SF-36 and KOS-ADLS) were obtained, as was additional demographic information (age, gender, ethnicity, height, weight, ASA/PS classification, smoking status). Surgeon, tourniquet use, tourniquet time, and case duration were also recorded during the intraoperative course.
Postoperative Course
At the start of the study, the surgeons' office visits for the patients were to take place 1, 3, 7, and 12 wk after surgery. However, this schedule was altered soon after study enrollment began. If the participant was scheduled for a surgeon's office or physical therapy visit at the 3, 7, and 12-wk time points, the surveys were administered in person. If participants' follow-up visits were not scheduled for these time periods, then the SF-36 and KOS-ADLS surveys were mailed (with self-addressed stamped envelopes) in anticipation of these surveys being returned at the 3, 7, and 12-wk points after surgery. These mailings were preceded and followed up with a reminder phone call. If the participant was not seen by the study coordinator at a scheduled office visit, then the participant was called, and a mailing to the participant's home was arranged.
Statistical Analysis
Data were first explored to determine demographic and day-of-surgery equivalence among treatment groups of patients included in the present analysis ( Table 1) . Demographic variables (gender, age, race/ethnicity, body mass index [BMI], smoking history, surgeon, length of surgery, and use of thigh tourniquet intraoperatively) were analyzed for differences between nerve block treatment groups using one-way analysis of variance (for continuous variables) or the 2 test (for categorical variables).
Both the SF-36 and the KOS-ADLS scores were administered on several occasions after surgery. Because of the variability in response times in returning the surveys to the research team, most participants had unequally spaced survey outcomes. Because the time intervals among surveys were not equal for most patients, we present the data in two ways. First, we present the descriptive data acquired according to the responses completed at 3, 7, and 12 wk for all patients who returned completed surveys at any or all of these time intervals. For each time point with this method, the range of responses was tabulated from the specific week-point (i.e., 3, 7, and 12 wk) plus and minus 5 days from each week-point. These descriptive data are presented adjacent (Figs. 1 and 2) to the population norm for adults of age 25-34 yr with no major medical (or surgical) problems. 4, 5 The age group of 25-34 yr represents the 95% confidence interval of the mean age of participants in our study (Table 1) . Second, we applied Generalized Estimating Equation (GEE) models to maximize the data analysis potential from all returned surveys (independent of survey return date relative to the day of surgery) and to evaluate the association among the three nerve block treatment groups and the SF-36 and KOS-ADLS outcomes. In other words, GEE modeling allowed us to accurately analyze all patient-reported outcome data (not just the data returned at the 3-, 7-, and 12-wk time points). We first used a univariate GEE model (with the only factor considered being the nerve block treatment group), followed by a multiple regression GEE model. In the multiple regression GEE models, we controlled for all other gathered covariate data, such as ASA/PS, race, gender, duration of surgery, smoking status, BMI, baseline SF-36, and KOS-ADLS scores. Again, the principal factor analyzed in the multiple regression GEE model was the nerve block treatment group.
It should be noted that the KOS-ADLS (but not the SF-36) was also administered to patients 1 wk after surgery at the follow-up visit with the surgeon. These 1 wk KOS-ADLS data are included in the multiple regression GEE equations for the KOS-ADLS. P Ͻ 0.05 was considered statistically significant. All analyses were conducted using the Statistical Package for the Social Sciences (SPSS for Windows, version 14.0, Chicago, IL) and SAS (version 9.1.3, SAS Institute, Cary, NC). In this current study of 7-day to 12-wk patient-reported outcomes, our inclusion rate was 80%, which matched the 80% power/sample size threshold required for interpretation. 1
RESULTS
Recruitment began in July 2001, and study follow-ups were completed by January 2005. Two hundred seventy patients consented to participate in the study. Thirty-five of the SF-36 at preoperative baseline, and at 3, 7, and 12 wk after surgery, in comparison with population norms. All patients received regional anesthesia and multimodal analgesia for their anesthetic and pain management care plan. The population norm represents the age group from 25-34 yr, which is the 95% confidence interval of the mean age of patients in this study. Preoperative baseline PCS and these values for 3, 7, and 12 wk appear lower than those for population norms. MCS scores perioperatively did not appear to differ from population norms in this data presentation. reconstruction patients' scores on the eight dimensions of the SF-36 at preoperative baseline, and at 3, 7, and 12 wk after surgery, in comparison with population norms. The population norm (blue) represents the age group from 25 to 34 yr, which is the 95% confidence interval of the mean age of patients in this study. Preoperative baseline physical function (PF), role physical (RP), and bodily pain (BP) appear to be lower than those for population norms. General health (GH), vitality (VT), social function (SF), role emotional (RE), and mental health (MH) approximate the population norm throughout the preoperative and postoperative course with the exception of SF and RE at 3 wk after surgery, which both appear to lag behind all other assessment time periods. Interestingly, MH in this ACL patient population appears to lag behind the MH of population norms throughout the perioperative course. of the 270 recruited patients were excluded before the end of the day of surgery, with the reasons for exclusions having been detailed previously. 1 Of the remaining 235 patients, 210 had complete baseline SF-36 data, and 217 had complete KOS-ADLS baseline data (i.e., no missing data entries). There were no demographic differences among treatment groups (Table 1) with respect to gender, age, race/ethnicity, BMI, ASA/PS, smoking history, use of thigh tourniquet, or length of surgery. These 210 and 217 patients, respectively, had also at least one completed postoperative survey, yielding a total of 523 SF-36 surveys analyzed, and 745 KOS-ADLS surveys analyzed. The response rates (i.e., participants returning at least one completed survey during the postoperative course) on the SF-36 and KOS-ADLS did not significantly differ between nerve block treatment groups; the overall response rate was 99%.
Descriptive SF-36 data are presented in Figures 1 and 2 next to population norm 4,5 data for the baseline, 3-wk, 7-wk, and 12-wk epochs.
Baseline data (n ϭ 217) for KOS-ADLS survey data were comprised a mean total score of 69.96 (standard deviation ϭ 19.94). There were no differences in baseline KOS-ADLS scores among nerve block treatment groups (data not shown).
The GEE results ( Table 2) show that in both univariate and multiple regression models, nerve block treatment group was not significantly associated with SF-36 or KOS-ADLS outcomes (all with P Ն 0.05). The multiple regression GEE model ( Table 3 ) that considered covariates only (i.e., not evaluating the nerve block treatment group as a factor but instead as a covariate) showed that both the PCS of the SF-36 (P Ͻ 0.0001) and the KOS-ADLS total score (P Ͻ 0.0001) increased over time after surgery. Baseline SF-36 PCS scores were a positive predictor of postoperative PCS scores, which was also true for the KOS-ADLS scores. Increasing patient age was a predictor of lower postoperative PCS scores but age did not influence KOS-ADLS scores.
DISCUSSION
When the described spinal anesthetic (with multimodal analgesia) was used for patients undergoing This model is to be interpreted as follows. SF-36 PCS score after surgery (1) was higher with a higher Baseline PCS score before surgery; (2) increased over time after surgery; and (3) was lower with increased patient age. SF-36 MCS after surgery was (1) higher with a higher baseline MCS score before surgery and (2) lower for smokers. KOS-ADLS score after surgery (1) was higher with a higher baseline KOS-ADLS score before surgery and (2) increased over time after surgery. In all three GEE models, days since surgery, baseline score, age, and smoking status were included along with the following covariates: graft type, nerve block treatment group, body mass index, gender, race, duration of surgery, and use of a thigh tourniquet during surgery. Only variables significantly associated with PCS, MCS, or KOS-ADLS scores after surgery are provided to minimize the complexity of data presentation. ACLR, and when factoring the described perineural catheter treatment group, there were no statistically significant differences in general health status and knee function outcomes from 7 days to 12 wk after surgery. More specifically, there were no differences in SF-36 or KOS-ADLS scores based on the nerve block treatment group considered in isolation (univariate GEE analysis) or when controlling for demographic covariates (multivariable GEE analysis). The same conclusion cannot be declared for ACLR patients undergoing any other anesthetic plan (e.g., general anesthesia [GA] with high-dose opioid analgesia, versus spinal anesthesia, multimodal analgesia, with or without a perineural femoral catheter). To reach this conclusion addressing GA-based anesthetic care plans, additional research would be needed. It is clinically accepted that ACLR is not as invasive as total knee replacement. Therefore, it is logical that patients undergoing less invasive knee surgery may derive less long-term benefit after a continuous femoral perineural catheter than when compared with a more invasive surgery (such as total knee replacement with GA 2,3 and the same perineural catheter). As described above, the hypothesis for ACLR patients needs to be retested in GA contexts that do not include spinal anesthesia and/or multimodal analgesia before drawing such conclusions.
Unlike inpatients undergoing total knee replacement 2,3 (and physical therapist-reported patient outcome in the hospital), patient-reported outcomes measures are a more appropriate methodology for outpatients. However, intermediate-term outcomes measures had, to that point, been unexplored in our subspecialty. To our knowledge, this is the first study that used validated general health and extremity function outcomes that measure the effects of nerve blocks (including continuous nerve block infusions with local anesthetics) on patient outcomes in the 7-day to 12-wk period after surgery, in the setting of an anesthesia care protocol consisting of spinal anesthesia and multimodal analgesia.
The SF-36 has been used several times in previous publications to assess anesthesia-specific outcomes. Carli et al. 11 showed that adding a thoracic epidural to a standardized anesthetic-analgesic-rehabilitation care plan for colonic surgery showed improved SF-36 outcomes at 3 and 6 wk after surgery (when compared with patients only treated with IV patient-controlled opioids). In another study, Shyong et al. 12 showed that the use of intraoperative and/or perioperative ␤ blockers led to improved SF-36 PCS scores (primarily through reduced bodily pain) 72 h postoperatively, when compared with patients not receiving ␤ blockers (n ϭ 59, all patients 65 yr or older).
The two outcome studies in the previous paragraph (showing clinical differences in SF-36 outcomes based on perioperative anesthetic intervention) are offset by two reports of no difference in SF-36 outcomes. First, Wurm et al. 13 showed no differences in SF-36 outcomes at 1 and 7 days postoperatively, but this study did not describe its basis of sample size determination (interscalene block performed preoperatively versus postoperatively, n ϭ 102). In a more recent study, no SF-36 differences were seen at 12 weeks postoperatively when comparing spinal anesthesia and GA for vaginal hysterectomy. 14 A potential limitation of this study is that neither the SF-36 nor KOS-ADLS specifically addresses symptomatic outcomes associated with regional anesthesia procedures, such as peripheral nerve blocks (paresthesiae or other symptoms associated with sensorimotor nerve damage). However, we recorded patients' postoperative symptoms during this time on other case report forms, and all such symptoms (which were rare and generally not present at baseline) resolved by the 12-wk period (usually much sooner). Such symptoms are considered rare, and the course of such complications typically resolves within a 6-mo period. 15 Our data show no outcome differences (i.e., two tailed) in the 7 days to 12 wk after ACLR; therefore, there is no evidence to conclude that a femoral nerve block should be withheld based on adverse general health or knee function outcomes in the 7 days to 12 wk after surgery. This finding serves as an addendum to our earlier report 1 that the femoral perineural catheter yields (1) a clinically significant improvement in numeric rating scores for pain with movement and (2) lower opioid consumption, in the first 2 days after surgery.
The question then becomes, if such a laborintensive intervention 16 yields a significant 2-day benefit and no long-term detriment (but no apparent long term benefit either), then is the intervention worthwhile? When considering pharmacoeconomic research addressing regional anesthesia and analgesia over the past decade, our patient care outcomes achieved in this protocol appear to warrant the laborintensive intervention, when considering the context of the ambulatory surgery care process, described further below.
Patients ascribe value to the avoidance of nausea, vomiting, and pain. 17 The Joint Commission for the Accreditation of Healthcare Organizations mandates the evaluation of pain as the fifth vital sign 18 and implies that the avoidance of moderate-to-severe pain is an important patient care objective. The National Institutes of Health defines moderate to severe pain as "5 or higher" on a 0 -10 scale. 19 Because 75% of our study's patients' treatment infusion group (i.e., not the placebo infusion groups) accomplished this pain management-related public health objective, 1 then the intervention appears to be worthwhile on that parameter. We have reported a low incidence of nausea and vomiting both on the day of surgery and through the first 4 days after surgery 20 in the context of regional anesthesia and multimodal analgesia-antiemesis, accomplishing described patient-oriented objectives both in-hospital and at home. After the day of surgery, the antiemetic benefits were not traceable to the perineural infusion, per se, but instead to the establishment and maintenance of analgesic and antiemetic "momentum," in that the previous days' symptoms were predictive of the next day's symptoms when considered as covariates with the nerve block catheter treatment group. Therefore, the femoral perineural catheter may not necessarily provide additional value beyond spinal anesthesia and multimodal analgesia-antiemesis for the context of nausea and/or vomiting in hospital or after discharge.
From a hospital efficiency standpoint, hospital cost savings have been reported 21 when patients bypass the Phase-1 postanesthesia care unit immediately after surgery, 22 which is more reliably achieved after regional anesthesia with a sustained regional analgesic technique in place. 21, [23] [24] [25] [26] [27] Therefore, our study's patients with a perineural femoral catheter may not necessarily have additional value when compared with a simpler single-injection femoral nerve block. Standardization of patient throughput criteria has been recommended to capitalize on the hospital-based benefits of regional anesthesia, 16, 21, 22, [25] [26] [27] and to enhance the comparability of outcomes studies. 16, 28 Finally, the costs of avoided unplanned hospital admission 21 and pain-related hospital readmission 29 have been elucidated. One levobupivacine infusion patient in our study returned to the emergency department for extrapyramidal symptoms 30 and pain control after a hamstring autograft (the sciatic nerve was not blocked preoperatively per protocol); there were no other unplanned hospital admissions, readmissions, or emergency room visits for pain control throughout our study. Therefore, the inconvenience of perineural catheter placement for the practitioner appears to be offset by the myriad health care system benefits, and patient benefits in the first few days after surgery, with no apparent patient-reported long-term detriment based on validated outcome surveys. We routinely administer sciatic single-injection nerve blocks for our ACLR patients undergoing hamstring autografts 31 but did not for this study.
One interesting finding in the multiple regression GEE model ( Table 2 ) was that the LbLi patient group showed a trend (P ϭ 0.05) toward better scores on the MCS than did the placebo SbSi group. Although this trend may reflect an artifact of multiple analyses, the finding may prove to be of value for future hypothesis generation, for example, when comparing more disparate anesthesia-analgesia care plans. Another interesting finding noted in Table 3 , from the standpoint of epidemiology and public health, was that smoking status was associated with lower patient-reported SF-36 MCS scores during the 7-day to 12-wk period after the described surgery and anesthetic.
One limitation of this study is that postoperative rehabilitation regimens, although standardized at the level of surgeons' printed instructions to their surgical patients, could be monitored neither for individual therapist compliance to the written protocols nor for patient compliance to the written protocols and/or the physical therapy objectives given by individual patients' specific therapists. We do not foresee this methodologic barrier ever being overcome in study designs such as this with large patient samples. In fact, our experience early in the study was that requiring patients to undergo a centralized physical therapy program on site at the surgeons' outpatient clinic and physical therapy center (as a condition for study inclusion) led to no patient recruitment for the first several months of study enrollment.
In conclusion, this triple-blinded, prospective, randomized, clinical trial addressed patient-reported general health status and knee function outcomes. For the period of 7 days to 12 wk after ACLR surgery, these outcome data did not show any differences based on nerve block treatment group superimposed upon the described anesthetic-analgesic-antiemetic care plan. It is reassuring that, given the previously described 1 short-term benefits of continuous femoral perineural analgesia, this treatment had no patient-reported detriments during the described time frame, based on the parameters measured by two validated patient outcome surveys (SF-36, and KOS-ADLS).
